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,»i Y«irathane r ^ ^^ H^rived from DoivhvdroxylgM respns 



e present invention relates to a polyurethane resin, to a coaling composition 
uprising said polyurethane resin, to the use of said polyurethane resin for printing 
>stic substrates, to a method of producing a polyurethane resin and to a method of 
Kluclng a laminate carrying a printed Image, according to the preamble of the 
lependent claims. 

lyurethane resins are the binders of choice In solvent borne coating compositions 
plastic films and In the production of Image carrying laminates. Laminates am 
iltilayered shaped articles in which - according to the needs of the final article - 
oh of the layere consist either of the same or of different materials. The preferred 
alarlais are paper, wood, texUles. metal ar^d plastic films, in the field of food 
ckaging, the laminates are mostiy made fronn plastic or metal films, in particular 
»tani2»d films, or a combination of both. Film materials are chosen such that the 
ninates cari be subjected to slerilizatlon processes without deterioriatlon of the fUm 
d/or the laminate. As a further advantage lanninates Impart to prints or generally 
ages 3 satiSiVIng appearance with respect to gloss and color fastness. Generally 
ninates are produced by either joining two or more layers by means of adhesives 
by adhesive-free extrusion coating. InnespecUve of the production process a print 
generally any kind of image which does not necessarily have to be printed can be 
►plied to one or both of the layers prior to applying the next layer (ROmpp Lexikon. 
icke und Dnickfarben. ed. U.Zorii. Georg Thleme Veriag, Stuttgart, New York 1998. 
214 and 318). 

mating compositions for laminates, which are mainly in the form of printing Inks, 
ive to satisfy high standards. The resin as the film forming part of the composition 
ust provide the dried layer with the required adhesive strength both to the 
ideriying substrate and to the adhesive or to the extnjded layer. As a further 
quirement the resin must Impart to the dried layer stability during and after 
erilization prtJCesses and/or treatment In boiling water even over a prolonged period 
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of time (e.g. during food preparation). Further the dried layer must show block! 
resistance and stability during sealing of tiie laminate (e.g. in the production of bag 
The composition - as a printing ink -must be printable In flexo and gravure printi 
processes which are the techniques commonly used for printing plastic films. Thi 
the resin must allow the printing ink to be thinly liquid, rapidly drying and to be solut 
In esters and in alcohols. In parGcuiar in ethanol. 



EP-604 890 teaches a printing ink (for printing laminates) based on a polyurethai 
resin. The polyurethane resin Is the reactton product of a high molecular wefg 
polyol compound of a molecular weight in the range of between 3000 to 10000, a lo 
molecular weight polyol compound of a molecular weight of less than 200, an organ 
dilsocyanate compound, a chain extender and optionally a reaction terminatir 
agent. The polyol compounds are chosen such that the whole of the high molecuh 
weight polyol compound and the low molecular weight polyol compound has a 
average molecular weight in the range of between 1500 and 2700, the isoi^anat 
index of the diisocyanate being more than 2.0 and the nitrogen content of th 
polyurethane resin derived from the isocyanate groups of the dilsocyanate being fror 
1.3 to 1.95% by weight. Only standard polyether polyols such as polyethylene giycc 
are used. Furthermore, the Importance of the selected molecular weight range of th» 
polyol component is stressed In fliat by using a polyol component having a iesse 
molecular weight an Ink having poor adhesiveness and adaptability for boiling o 
retorting treatment Is obtained. 

Whereas printed and dried layers produced with the Ink of EP-604 890 show In mos 
of the cases the required botvi strength, the initial adhesiveness of the layers to the 
underiying substrate, i.e. the adhesiveness within the first 30 seconds after drying, is 
poor. A lack of inrtial adhesiveness results in at least partial transfer of the printed 
layers to the back side of the sutistrate/film to which the layer has been applied 
during storage on rollers or stacks. A further drawback of the prints/layers produced 
with the ink of EP 604 890 is their lack In heat resistance in particular on coextruded 
polypropylene and polyester. The latter results in damages on edges of the layers 
during heat treatment of the laminate. In addition the printing ink shows poor 
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eompatlblWy with alcohols as the solvent of ohofce in flexographic applications. All 
mesa dtavrtada am mainly due to lack of pecfonnanoa of the pdyurethane rasln. 

,t was the obiect of *e pmsant invention to p«,vide pob^mthane resins W'^ ^ 
t,.n.,orming t.inde« m coa«ng con^na showing a goo. mi^ ^^'^^^'^^ 
a good oompaBbilHy w«h alcohols a, weU as a good heat res«tance. and espsdally 
slLng good adhesiveness on specific subst«»a and being harder than common 
pT^L sothat - in the b^adost sense - eny Kind of dded laye« on p^as^ «™ 
and/or laminates can be obtained, said layers havlr, an exceter* m«W 
adhesiveness m particular such that the layer Is not damaged dunng storing and 
ftirther processing of the substrateffllm and during finishing of the laminate n 
pa,«oular ««. the risk of deiamination during sealing of the plas«o film or lammate la 
reduced. 

The above object is solved according to the present Inventton by a polyurathane 
lasin being the reaction pioduct of at least one dHsocyanate and a group of 
components having isocyanate reactive functional groups. saW g«>up of componerrta 
comprising: 

a) a ftst gioup of one or more polyether polyols each having an average 
molecular welght.in the range of between 10O0 to 12000 g/mol. 

b) a second group of one or more polyhydtoxylated resins. 

c) a fhW group of one or more polyols each having an average molecular weight 

of equal or less than 800 g/mol. and 

d) at least one amine and a reaction terminating agent. 

wherein the .^tio of the equivalent weights of the diisocyanate to the components 
having Isocyanate .eactive fiinotiona. groups is selected such that essenUaUy all of 
the isocyanate groups of the diisocyanate are pi^sent as the reaction product wrth 
one of said Isocyanate reactive functional groups. 

The use of a polyhydroxylated resin as one Isocyanate reactive component provides 
PU resins which are harder than commonly used PU resins and which show good 
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adhesiveness on specific substrates such as BOPP (biaxially oriented 
polypropylene). 

According to the present invention, definitions of ranges are Intended to include the 
boundaries of those ranges. For example, a molecular weight range of lirom 2000 to 
3000 g/mol shall also mean to include isompounds having an average molecular 
weight of 2000 g/mol and of 3000 g/mol. 

The polyurethane resin of the present invention has a weight average moiecnjlar 
weight of between 20000 to 80000 g/moU preferably between 35000 to 55000 g/mol 
and is soluble in organic solvents which comprise alcohols such as efhanol and ethyl 
acetate. 

In a preferred embodiment the polyurethane resin of the present invention has a 
uretfianisation between 10 to 20%. 

The favourable properties of the polyurethane resin with regard to Its binder qualities 
In coatings can be influenced by a series of equivalent weight ratios between the 
reactands. It is to be understood that all the ratios listed hereinafter merely represent 
embodiments adapted to meet diverse needs of the resin: 

According to a prefsn^ embodiment of the present invention, the ratio of the 
equivalent weights of the diisocyanate to the entirety of the polyether polyols of the 
first group, of the polyhydroxylated resins of the second group and of the polyols of 
the third group Is in a range of 3.6 : 1 to 1 : 1 , preferably 1 ,5 : 1. 

According to another preferred embodiment of the present Invention, the ratio of the 
equivalent weights of the diisocyanate to the components having isocyanate reactive 
functional groups is preferably in a range of between 0.95 : 1 to 1.2 : 1. more 
prefierably of between 1 : 1 to 1.1 : 1. 
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Accoixling to another preferred embodiment of the present itnventioo. the ratio of the 
equhralent weights of the diisocyanat© to the amines is on a range of 3 : 1 to 
6: 1 . preferably in a range of between 3 : 1 to 5 : 1 . 

In a preferred embodiment the dlisocyanates are selected from the groups oonsosting 
of ssophomine^dlisocyanate (IPDl), 4.4'- dflsocyanato-diphenyimelhane (MDI). 
hexamethyleoe^llsocyanate (HMDI) dleyclohe,<ylmethane diisocyanate and toluol- 
diosocyanata CTDI). in particular the IPDl Is either used alone or in a 1 : 1 mixture with 
MDI in a further preferred embodoment even polylsocyanat© resins are applicable. 
However it as to be ynderetood that any dilsocyanate commonly used In the 
synthesis of polyurethane resins can be applied for the purpose of the present 
invention. 

As componeints having isocyanate reactive functional groups only those components 
are applied which contain hydroxy and/or amine groups. Although aminoalcohols 
(compounds containing hydroxy and amine groups) are not excluded from the 
present inv^otion, pure components, i.e. components whic!h have either hydroxy or 
amine groups as the only isocyanate reactive functional groops are preferred. 

The polyether polyols off the first group are preferably selected from the group 
consisting of dihydroxy and trihydroxy polyether polyols having an average 
molecular weight of from 1000 to 12000 g/mol. preferably 2000 to 6000 g/mol. for 
example witfi a hydroxy value In a range of between 118.7 and 56 mg KOH/g. 
PolyoxyalkySeoie glycols such as Polypropylene glycol (PPG) or Polytetrahydrofurane 
(polyCTHF)) are the most preferred dihydroxy polyether polyols. Polypropylene glycol 
(PPG) has worked out to be the most suitable polyoxyalkylene glycol In the synthesis 
of the polyurethane resin of the present Invention, Further prefened as dihydroxy 
polyether polyol Is a polycaprolactone based polyether. However, also polyols based 
on triols or even higher functional polyols as monomere such as glycerin, 
trimethylolpropane. pentaerythrithol, sorbitol, trimethyloIetJiane or 1.2.3-butanetrlol 
are suitable for the purpose of the present invention. 
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The polyhydroxylated resins of th© second group is preferably a hard ketonfc resir 
having preferably a hydroxy vaSu© of at least 280mg KOH/g but not nmore thao gOOmg 
KOH/g. More preferably, the polyhydroxyJated resin Is a haire! k©torj3c resin which is 
the hydrogenated condensation product of an aromatic ketone wilth an aldehyde. 
According to the present Invention, the polyhydroxylated resin is mos« preferably the 
hydrogenated condensation product of acetophenone and formalcOehyde. Such a 
- resin Is sold, for example, under the trade name synthetio resin SK lFr6m Hob and 
has a hydroxy! number of around 325 mg KOH/g. 

The.polyote of the third group are preferably selected from the group consisting of 
monomeirlc diols. such as neopentyl glycol, hexane diol or 1.4 butanecHoi, dllhydroxy 
polyether polyols such as polypropylene glycol, or polyester polyols. TJie polyester 
polyols preferably have a hydroxy value of at least 140mg KOH/g. Preferably the 
polyester polyol is an adipate polyester based poIyoL 

The amine applied in the synthesis of *© polyurethane resin of the present invention 
is selected from those having an average molecular weight in the range of between 
60 to 400g/moL Preferably the amir^© is a diamine. The diamine are preferably 
selected from the group of 1.3 bis (amino ethyl) cyclohe)^ne.m-xyleinie diamone or 
isophomne diamine. Isophorone dlamSne (IPDA) Influences the InMall adhesion of 
coatings to some kind of plastic substi^tes favourably. 

The temilnating agents are selected from the group consisting of monoethanol 
amines such as mono-, dl-, triethanolamlne, ethanol, n-propanol, Isopiropanol, 1.4- 
butandiol. 

A particularly prefen^d polyurethane resin is the reaction product of a dllsocyanate 
such as a 1:1 mbrfure of IPDI and MDI with isocyanate-reactive compounds 
comprising a polypropylene glycol (PPQ) having an average molecuOar weight of 
around 4000-4500 g/mol. synthetic resin SK as polyhydroxylated resin. 1.4- 
butanediol as low molecular weight polyol. and on© or more amine compounds such 
as IPDA and monoethanolamine. 
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The polyurethane resin accoiding to the present Invention can by synthesized by 

a) first reacting a mbctui« comprising: a first group of one or more 
polyether polyols each having an average molecular weight In the range 
of between 1000 to 12000 g/mol, a second group of one or more 
polyhydroxylated resins, and a third group of one or more polyols each 
having an average molecular weight of equal or less than 800 g/mol. 
with at least one dHsoQ^nate to an lsocyanat» tenminated prepolymer. 
the ratio of the equivalent weights of the dilsocyanate 1o the entirety of 
the polyether polyols of ttie first group, of the polyhydroxylated resins of 
the second group and of the polyols of the third group Is In a range of 
3.6 : 1 to 1 : 1 , and 

b) In a second step reacting said isocyanate terminated prepolymer with at 
least one diamine, and 

c) in a third step reacting the product obtained according to step b) with a 
terminating agent to a saturated polyurethane resin. 

Saturated in this context means that the polyurethane resin has essentially no free 
unreacted iso(^nates left. 

The conditions under which the starting materials are reacted with each other are the 
standard methods for synthesizing polyurethane resins and are commonly known to 
the man skilled In the art. 

Further part of the present invention Is a coating composition comprising an organic 
solvent and the polyurethane resin of the present invention as at least one of the film 
fonning binders. In a preferred ennbodiment the coating composition is a printing Ink 
for printing plastic substrates and for the productton of printed laminates. In both the 
coating composition and the printing ink. the polyurethane resin can be applied as 
the sole film fonning binder. 

The solvent is selected from the group of polar organic solvents, preferably from the 
group of alcohols and estere. 
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The polyurethane resin allows the printing Ink to be easily adjusted to the needs of 
flexographic and gravure printing. Such an Ink Is soluble in alcohols, e.g, in athanol. 
has a low viscosity, thus Is thinly liquid, with a viscosity preferably between 30 to 100 
seconds in a Cup 4 at 23'C or 80 to 350 mPa s at 23'C. 

Depending on the chemical stnjcture of the polyurethane resin and thus on the 
chemical nature of the reactands and their respective ratios to each other ttie printing 
Inks are adjustable to the needs of different kinds of plastic substrates and/or 
application metiiods. 

In the context of the present Invention the following definitions are given: 

The molecular weights are expressed as weight average molecular weights. 

The average molecular weight of sum of the polyols of the firet, second, and 
third group is calculated 

Mwix" molecular weight of polyol I In group x, wherein x» 1-3 
Wbt = nnol fraction of polyol I in group x, wherein x= 1-3 

The term Tilm forming" is defined according to DIN 55945: 1996-09. Film fbmiing is 
the generic temrr for the transition of a coating layer from the liquid to the solid state. 
Fam fomiing occurs by means of physical drying and/or curing. Both processes 
proceed simultaneously or one after the other. The polyurethane resin of the present 
invention is film fomiing under standard conditions {25»C, minimum 40% relative 
humidity). Whereas the terra "drying" is more related to the process engineering used 
for drying the liquid layer, such as ovens and temperatures, the temi "curing" is 
related to the chemical processes within the resin during the drying process. TTie 
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poiyurethane of the present Invention is of the non-crossllnWng type. 

-Initial adhesion- is defined as being the adhesion Imniediately after drying and up to 
30 seconds maximum after drying of the layer. 

"Drying" means substantial removal of the solvent from the layer. The latter Is one of 
the requirement that the layer becomes sofid. The residual solvent In the layer is not 
more than 10% by weight of the weight of the overal solvent. A dried layer Is a layer 
of a thickness between 4 and 6 In particular 5 urn after treatment in an IR-oven by 
70 - 80^C for less than one minute. In the solid state the layer Is tack-free. In case the 
layer Is thicker or thinner either the oven temperature has to be Increased/decreased 
or the duration of heat treatment has to be adapted cbnespondlngly. 

Tayei' and "Image" are used synonymously throughout the specification. Layers and 
images are In fbmi of picUjres. writings. overprints,(Qverprint varnishes) and their 
meaning should not be limited by their fomi. extension and thickness. 

In the context of the present lnvention.all technical terms shall be defined according 
to ROmpp Lexikon, ed. U.Zbll. Georg Thieme Veriag Stuttgart. 1998. 

The present invention ftirther encompasses a method of producing a laminate 
canying a printed image, said method comprises the step of 

a) providing a printing ink comprising at least one organic solvent and at least 
one poiyurethane r^ln of the present Invention as at least one film fbmiing 
binder and 

b) applying a layer to a first substrate by printing said printing Ink provided In 
step (a) In a flexographic and/or gravure printing process to said first 
substrate 

c) removing said solvent from said layer applied In step (b) thereby diying 
and/or curing the layer 

d) applying an adhesive to the layer of step (c) and finishing the laminate by 
applying a second substrate on the adhesive. 
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Preferably, the first and the second substrates are of a pflasHc material, preferably of 
polyolefinic nature. The first and the second substrato can also be of diflBrent 
chemical nature like polyester or polyannide. 

According to the present invention, as an adhesive in thos process can be used any 
conventional solvent-free adiiesive or solvent-based adhesive. EssDmples for solvent- 
based adhesives to be used ac^iding to tiie present invention are Adoote 545/CAT 
F and Morton 301A/35QA from Rohm&IHaas, Novaoote 276A/CA12 or Novacote 120 
ASL/111B from Novacote Rexpack, and Henkel UK 3640/UK 6800 from Henkel. An 
e;»mpie for a solvent-free adhesive to be used according to the present invention is 
Mor-frae SK403/C83 from Rohm&Haas. 

The adhesives are applied to the layer according to conventional methods, for 
example by using a hand coater. Solvent-free adhesives aire preferably diluted with a 
conventional diluent such as ethyl acetate before application. Preferably, a soiu^on 
containing 20 % by weight to 80 by weight, more preferably 30 by weiglit to 60 by 
weight of the solvent-free adhesive is prepared hereby. 

In the case of solvent-based adhesives, it is preferred acconiing to the present 
Invention to apply said adhesive to the printed layer of a substrate, and then to finish 
the laminate by applying a second substrate on the adhesive, in the case of a 
solvent-l^ee adhesive, however, it is more preferred to apply said adhesive to an 
unprinted layer of a substrate, and then to finish the laminate by applying the printed 
layer of a second substrate to the adhesive. 

Further part of the present invention is therefora a laminate produced by the method 
mentioned hereinbefore. Of course, the laminate can also be produced by extruding 
the second substrate on the first substrate carrying the dried layer. This method does 
not call for an adhesive. 

If necessary, the ink composition of the present invention can contain additional 
binder resins, e.g. cellulosic resins, acrylic resins, polyvinyl chloride. 
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The present Invention wlH be described in more detail by the foilowing examples. 
Unless olhenwlse Indicated, all percentages are % by weight. Eq stands for 



Qenaral svn*haais of the p^fyiirfthane resin 

A flve^neck flask equipped with two additions funnels, a gas introduction 
means, an agitator and a themiomeler is charged with a mixture of 304g ethyl 
acetate and 0.06«/o Irganox 1076. The mbclure is thermostated at 25-C at an 
agitation velocity of 60rpm and an nitrogen stream of 0.4m3/h. The 
temperature is increased to 60»C and a mixture of 9.7g IPDI. 10,9 g of 
Desmodur 2460M (iViDI) and 0-03% DBTDL (catalysator) diluted in 0.03% ethyl 
acetate is added to the flask. The agitation velocity is increased to 90 rpm. 
To the Isocyanate solution 115 g Acclaim 4200 is added over a period of 10 
minutes. The reaction Is conducted by a temperature of 74-C for 180 minutes, 
in the second step a mixture of 5.7g Resin SK and 5.7g ethyl acetate is 
slowly added to the prepolymer solution of the first step, the reaction is 
conducted for 60 minutes before adding in a third step 4g isophonDne diamine 
at an agitation velocity of 120ipm. The reaction is conducted for another 16 
minutes. In a fourth step 4,8g Resin SK and 4,8g ethyl acetate is added to 
the prepolymer solution obtained In the third step to further increase the 
molecular weight of the prepolymer. After a reaction time of 60-180 minutes 
35g of ethanol as the fifth and dilution step. 

The NCO-values are detemilned after each step and the increase in molecular 
weight of the polyurethane during synthesis Is observed by GPC measurements 
(Waters 410 and 510; column Uchrogel PS 4000/40/20, calibration Polystyrene : 
580-2200-51 00-1 1 600-30300-68000-127000-330000). 
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Specfflcation of the polvurethane: 

Solid content 30 % 

viscosity : 6000 mPa.s at 25''C 

i\^n: 15000 

Mwl- 35000 

Mz: 65000 



Method of measurement the initial adhesion: 

A self adhesive tape (10 cm, type 683 of 2M) is applied under unifonn pressure onto 
a printed layer Immediately after drying of the layer and torn off the substrate 
immediately thereafter. The quantify of the print adhered to the tape is classified on a 
scale from 0 to 6 wherein 0 means more than 95% of the printed layer adhered to the 
tape, 1 means more than 50% of the printed layer adiiered to the tape. 2 means less 
than 30% of the printed layer adhered to the tape; 3 means less than 20% of the 
printed layer adhered to the tape, 4 means less than 10% of the printed layer 
adhered to the tape and 5 is less than 2% of the printed layer adhered to the tape. 
The test results is executed additionally in dependence of the drying time of the 
printed layer. 

FormulQtjon of printin g inic comprising the oolvurethane resins accordina to the 
present invention 

FormulaOon of the technologic vamfsh based on the PU : 
Poiyurethane resin 70 parts per weight 

Inert RESIN 1 1 parts per weight 

Nitroceilulose 2 parts per weight 

inert resin 6 parte per weight 

Adhesion promoter 8 parts per weight 

Wax 3 parts per weight 
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Fonnulation of a WhHe printing ink : 
white paste 46 parte per weight 

ethyl acetate 4.6 parts per weight 

n-propanol 5 parts per weight 

Technologic varnish 38 parts per weight 

Nitrocellulose 6.5 parts per weight 

Formulation of a Blue printing ink : 
blue paste 50 parts per weight 

ethyl acetate 4 parts per weight 

n-pfopanol 4 parts per weight 

Technologic varnish 38 parts per weight 

Nitrocellulose 4 parts per weight 

mmal adhesion, heat resistance and laminations/delaminatlon strength are tested on 
substrates of different chemical nature and are compared to the corresponding 
results of a printing ink formulated from a polyurethane resin which was synthesized 
without a hydrophillo, water-soluble poiyol component 

The following substrates were used: 

Pmductname f:hQmlr.alnature PrpdMPer 

MB 200 coextmded bl- Mobil 

oriented polypropylene 

BOPP chine biaxially oriented WuXi 

polypropylene 

The initial adhesion and heat resistance are tested on basis of a layer of the printing 
Ink to an underiying substrate. For the laminatlon/delamination test the bond strength 
is tested on basis of a layer of the printing ink between two plastic films. The counter 
substrate for all of the substrates tested Is a low density polyethylene film. 
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Tested are: a print of the white Ink as the only layer between the t«w> plastic films, 
(indicated as white), a print of the cyan Inic as the only layer betwveen the two films 
(indicated as cyan) and a superposition of a layer of the cyan and white Ink between 
the two Alms Ondlcated as 200%). 

The technique lor the production of the laminate is the adhesive based lamination 
technique. A tinted sample of laminate having a width of 15 mm is placed between 
two jaws of a (dynamometer type Uiomargy). The sample is drawn out and the 
substrate separated from the counter-substrate. The bond strength (g/15 mm) and 
the delamlnation aspect of the tested laminate is evaluated at a speed of 200 
mm/min. The bond strength Is expressed as a combination of number value and 
letters. The number value stands for gramms needed to separate the laminate of a 
width of 15 mm and a dynamometer speed of 200mm/min. The higher the value the 
greater the bond strength. The letters indicate the kind of breakage with regard to the 
layer of the printing Ink: 

T: Transfer of 1 00% of the ink layer (from the substrate to the counter substrate). 

P: Splitting of the ink layer (between substrate and counter substrate). 

Z: No stable value for the bond strength. 

R: Break/tear of one of the two films of the laminate. 
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Table 1 



POLYURETHANb 


Example 1 (Eq) 1 


Comparative 
example (Eq) 


PolyisocyBtrate 




M #^F^ it 


IPDl 


1,5 


0,254 


MDl 


1.6 1 


0,254 


Polyol from 1^^ group 






Acclaim 8200 




0,076 


Acclaim 4200 


■ ^ J 


0,067 


Acclaim 12200 




0,025 


tBsinflvm2r^ group 






Synthetic rosin SK 


0,56 




Polyol from 3^ group 






PPG 4O0 




0,049 


1,4-Butanediol 


0,47 


1 0,13 


Amine 






IPDA 


0.84 


0.142 


MonoefOianoIamine 


0.1 


0.024 


Additional Ingredients 






Ethyl acetate 


65% 


50 % 


Ethanol 


5% 


1 10 % 



Acclaim !« a polypn>pytene glycol soW by Bayer. The number Mcates the respective 
average molecular weight 



EinPfansszeit 25. Apr. U:12 



M-W-U4 i4:i0 V0« -Hbpp Wangsr fi Ryffel AQ. Wll +41-71-9139566 



PSIC064ep filed2a0402 

16 



Table 2 





inks based on 
Polyurathane resins 


Example 1 


Comparative example 




Adhesion 


Cyan 


White 


200% 


Cyan 


White 


200% 




Support : MB 200 


4/5 
To 


4.5/6 
To 


5/5 
To. 


4/5 
To 


4/5 
To. 


5/5 
- To 




Support : BOPP chine 


4/S 
To 


4/5 
To 


5/6 
To 


2/5 
To 

3,8/5 
at5h 


4/5 
To 

4.5/5 
atSh 


2/6 
To 

4,6/6 
at5h 



Table 3 



Inlcs based on 
Polyurethane resins 


Example 1 


Comparative example 


LAMINATION (Bond strenQth in g/15 mm) 


Cyan 


White 


200% 


Cyan 


White 


200% 


Support MB 200 
Adhesive: Adcote 545/Cat F 


350 R 


350 R 


420 R 


60 T 


40 T 


340R 


Support BCPP Chine 
Adhesive: Adcote 545/Cat F 


290 R 


290 R 


440 R 


40 T 


SOT 


210 R 


Support: MB 200 

Adhesive: Novacote 275/CA 12 


320 R 


380 R 


280 R 


320 R 


60 T 


330 R 


Support BOPP chine 
Adhesive: Novacote 275/CA 12 


150 R 


300 R 


300 R 


230 R 


100 T 


350 R 
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Claims 

1 A polyurethane resin being the leadion product of at least one diisocyanate 
and a group of components having Isocyanate reacttve functional groups, said 
group of components (»mprising: 

a) a first group of one or more polyether polyols each having an average 
molecular weight in the range of between 1000 to 12000g/mol. 

b) a second group of one or more polyhydroxylated resins, 

c) a third group of one or more polyols each having an average molecular 
weight of equal or less than 800 g/mol, and 

d) at least one amine and a reaction terminating agent, 

wherein the ratio of the equivalent weights of the diisocyanate to the 
components having isocyanate reactive functional groups is selected such that 
essentially all of the Isocyanate groups of the diisocyanate are present as the 
reaciion product with one of said isocyanate reacUve functional groups. 

2 A polyuiethane resin accoitllng to daim 1 wherein the ratio of the equivalent 
vtfelghts of the diisocyanate to the entirety of the polyether polyols of the first 
group, of the polyhydroxylated resins of the second group and of the polyols of 
the third group is In a range of 3.6 : 1 to 1 : 1, preferably 1 .5 : 1 . 

3. A polyurethane resin acconjing to any one of the claims 1 or 2. wherein the 
ratio of the equivalent weights of the dilsooyanate to the components having 
isocyanate reacBve ftincOonal groups Is preferably In a range of between 
0.95 : 1 to 1.2 : 1. more preferably of between 1 : 1 to 1.1 : 1. 

4. A polyurethane resin according to any one of the claims 1 to 3. wherein the 
ratio of the equivalent weights of the diisocyanate to the amines Is In a range 
of 3 : 1 to 6: 1 , preferably in a range of between 3 : 1 to 5 : 1. 
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5. A polyurethane resin according to any one of the daim 1 to 4. wherein the 
polydtlier polyols of the first group have an average molecular weight in the 
range of from 2000 to 6000g/moi, 

6. A polyurethane resin according to claim 5, wherein the polyether polyois of the 
first group are selected firom the group consisting of dihydroxy and trihydroxy 
jxiiyether polyois. 

7. A polyurethane resin according to claim 6, wherein the dihydroxy polyether 
polyol Is selected from the group consisting of polyoxyallcylene glycol, 
preferably a polypropyleneglycoi or a polytetrahydrofUrane. and a 
caprolactone based polyether. 

8. A polyurethane resin according to any one of the claim 1 to 7. wherein the 
polyhydroxyfated resin of the second group Is a harcl ketonic resin having 
prefsraWy a hydroxy value of at least 280mg KOH/g 

9. A polyurethane resin according to dalm 8, wheiein the hard ketonic resin is 
the hydrogenated condensation product of an aromatic ketone with an 
aldehyde. 

10. A polyurethane resin according to claim 9, wherein the the haitl ketonic resin 
is the hydrogenated condensation product of acetophenone and Ibnnaldehyde 
having a hydroxy! number of around 325 mg KOH/g. 

11. A polyurethane resin according to any one of the claims 1 to 10, wherein the 
polyois of the thlrel group are selected from the group consisting of monomeric 
diols, dihydroxy polyether polyois. polyester polyois and hard ketonic lesin, 
wherein the hydroxy value of the hard ketonic resin is preferably in a range of 
between 280mg KOH/g to 500mg KOH/g and the hydroxy value of the 
polyester polyol is at least 140mg KOH/g. 
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12. 



A polyurethane resin according to any one of the claims 1 to 11, wherein the 
amine is a diamine, preferably selected from the group consisting of 
isophoronedlamine. m-xylene. 1 .3 bis (aminoethyl) cyolohexane. 

13. process for preparing a polyurethane resin according to any one of claims 1 to 
12 said process comprising the steps of: 

a)' first reacting a mixture comprising: a first group of one or more 
polyether polyols each having an average molecular weight in the range 
of between 1000 to 12000 g/mol, a second group of one or more 
polyhydroxylated resins, and a third group of one or more polyols each 
having an average molecular weight of equal or less than BOO g/mol, 
with at least one dlisocyanate to an isocyanate temiinated prepolymer. 
the ratio of the equivalent weights of the dlisocyanate to the entirety of 
the polyether polyols of the first group, of the polyhydroxylated resins of 
the second group and of the polyols of the third group is in a range of 
3.6:1to1 :1,and 

b) in a second step reacting said Isocyanate tenninated prepolymer with at 
least one diamine, and 

c) in a third step reading the product obtained according to step b> with a 
terminating agent to a saturated polyurethane resin. 

14. Polyurethane resin, obtainable by the process according to claim 13. 

15. A coating composition, preferably printing ink. comprising a solvent and at 
least one polyurethane resin according to one of the claims 1 to 12 or 14.as 
film forming binder. 

16. Use of a polyurethane resin according to claims 1 to 12 or 14 as at least one 
film fonning binder in printing inks for printing plastic substrates, preferably 
poiyolefintc plastic substrate. 
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17. Method of prcKiucing a laminate carrying a printed layer, said metliod 
comprises the steps of 

a) providing a coating composition, preferably a printing ink according to 
claim 15; 

b) applying a layer to a first substrate, preferably a plastic foil, by printing said 
printing Inl< of step a) in a flexographic and/or gravure printing process; 

c) rerho^ng said solvent from said layer thereby drying and/or curing said 
layer obtained in step b), 

d) applying an adhesive to the dried and/or cured layer obtained in step c) 
and producing the laminate by applying at least a second substrate, 
preferably a plastic foil, on the adhesive. 

1 8. Laminate produced by the method of claim 1 7. 
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The present invention fe iBlated to a polyurethane resin being the reacHon product of 
at least one dilsocyanate end a group of componenfe having fsocyanate reactive 
functional groups, said group of components comprising a firet group of one or more 
polyether polyols each having an average molecular v^elght In the range of between 
1000 to 12000g/mol. a second group of one or more polyhydroxylated resins, a third 
group of one or more polyols each having an average molecular A«/eight of equal or 
less than 800 g/mol. and at least one amine and a reaction terminating agent, 
wherein the ratio of the equivalent weights of the diisocyanate to the components 
having isocyanate reactive functional graups is selected such that essentially all of 
the Isocyanate groups of the dllsocyanate are present as the reaction product with 
one of said isocyanate reactive functional groups. 
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